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Car drivers ’ eye fixations were registrated wheii driving
a car on the road and when viewing a slide in the laborato-

ry which shows the same traffic situation . Even that the Ss

of the second group were instructed to observe the present~~
slide as if they were driving there , they fi xated their
eyes on well defined targets wi th quite different frequen-
cies than those Ss who actually drove the car on the road .
Furthermore , in the laboratory there was a tendency toward
prolonged ~ixation t imes as compared to on the roAd driving
condition . The results suggest that the Ss on the road fi-
xated more task oriented target and picked up also more
information than their counterpartners in the laboratory .
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1. INTRODUCTION

Investigations on the pattern of eye fixat.ions ~ro not

only o1’ interest when studying the peripheral me chanisms of’

information input or when investigating those of the moto—

n c  activity underlying, for instance , the saccads. The

patterns of the movements in relation to the separate fi-

xations of the eye reflects , presumably, the co~~iidve

activities which govern the program of eye movements

( 1VLACK~ORTH and BRUNER, 1970). Therefore , the measureable

peripheral activity of the eye is assumed to correspond

wi th central processing mechanisms. For example , YARBUS
(1967) showed that the way people obe rye picture s depends
on the target presented , the person observing it as well as

on the task the S is engaged with. Also , :Nhen the same

ri~ ture is presmted. repeatedly a dirferent pattern of eye

fi~ a.tions can be obtained. YARBUS (1967) suggests , thi re—

fore , that there is a relationship between thinking and
• seeing. Nevertheless , a S’s pattern of eye fixations de-

pends no~ only on long term variables , but also on his m o —

mentary condition . From studyies o2 car drivers , it is
• kn own thtt , for example , alcohol consumption (BELT, 1969;

MORT1MER and JOhGESON, 1972) or fatigue (KALUGER arid SMITH ,

1970) also Thfluences the pattern of fixations. It is,
therefore , suggested that peripheral information input is

closely related to orccessing in hi gher level mechanisms.

Only a little is known about the re]iitionship between

patterns of fixations observed in xe -il conditions , e. ~~.,
when ~tecrin~ a car, to that of 0 r v in~ a ~imi1ar opti—
cu~ e r r -~iy in  the l ebora tory . Thi s issue oan ~i1so be con-
sider d wi th in  a more general f ramework . Ev e ry experimeri —

~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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tal paradi~ ii in the laboratory represents an artificial

situation but the design should , nevertheless , reflect

reality. By operationalyzin g the crucial variables, the

general issue arises as to whether the obtained relation—

ship between the considered variables in the laboratory

condition are also valid in. the real circumstance. Further-

more , it is not yet known , as FISCHER (personal comiriunica—
tion) emphasizes , how the specific expcrimen~ al design in-

fluenced the particular relationships obtained , as well as

what the magnitude of the dependent variables cbserved

were .

The two present experiments were desi~~ied in order to

compare car drivers’ visual search activity in a dynamic

• situation (when driving), with a more static one (when ob-

serving a slide of the same traffic conditions). The main
goal of this study is to find out whether car drivers Li-

xate similarily in both conditions on the well defined

elements of the road . Any difference obtained would m di—
cate that the S weights the importance of the elements of

the road depending on the experimental paradi gm . Further-
more , the question of whether any difference occurs in the

• Sa ’ processing rate between these designs should also be
investigated.

— —  - 
-
~~ ~~~~~~~~~~
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2. METHOD

Two experiments were carried out in order to compare the

obtained pattern of eye fixations under different condi-
tions. Common then to both experiments is the registration
of eye fixations. The registration of eye fixations was
carried out by using a NAG III Eye—Marc—Recorder connected
to a videorecorder within a visual field of ~~~~ The re-
cords were played on Gruridig Slow-Motion-Apparatus with the
capacity for a single frame analysis with a frequency of 50
frames per each recorded second .

2.1. ED(PERIMENT 1: DRIVING ON THE ROAD

The drivers negotiated unexpectedly a building site ,
consisting principally of a crane which totally blocked the
one way road the drivers used. In order to pass the build-
ing site , the S had to drive for a distance on the road

after which it then became necessary to drive on the left
side-walk by utilizing a small “ramp ” as shown in Figure 1.
A more detailed description is ~Lven elsewhere (COHEN ,
1976), therefore , only the essential characteristics of
the road elements will be given here. These were (1) the
roa1 , (2) the ramp , (~) the side walk , (14) the wall of the
builling on the left , (5) the crane and (6) elsewhere. Fi-
xation time s and rates were analyzed.
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Subjects

The five Ss participating in this experiment were aged

between 22 ~nd ~2 years. No S was told that he was going to

be faced with a building site. Of course , no instructions

were given other than to drive the car as told 15 minutes

bet’or~ihand .

_ _  ~~L.
‘

.1
crane

wal l  
—

r amp 
_ _ _ _ _ _ _ _ _ _ _ _ _road

s ide-wa%k

Figure 1: The building site from which a ~~ oup of Ss (N= 5)
passed when driving a car and of ~vhich anothe r group li-
censed Ss (N=9) observed as a photographed slide in the

laboratory . The targets of fixations evaluated are indica-

ted by arrows.

_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _  I .. . _~~ - —  - - - — — - &-— ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
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2.1.1. RESULTS

The results indicate that no difference in fixation

times were obtained between all of the six categorized ele—

ments of the road (X2=~~.87; df=4 , p > 0.05). The Spearman

rang correlation coefficient indicates a relationship bet-

ween t’ix~ tion times and rates (r5=O.97; df=5, p <0.05). It

was discerned that as the number of fixations on a target

increased , so did the total fixation time . The average fi-

xation time of all fixations amounted 0.41 sec.

Eventhough no significant difference was obtained bet-

ween the six categories of road elements , it is surprising

that the small ramp was fixated on for the longest relative

time (~ l.9 %) and. that the obviously ob~ Lructive crane was

the shortest fixation (9 .9 %; see Fig. 2a). When consider-
ing not only the Obstructiveness but the importance of the

ramp for driving, then this finding is reasonable. Even-

though the ramp is physically a small element , is had the

effect of determining the driver ’ s path of driving due to

the fact that he had to drive on it in order to avoid the

crane .

- - -~~~—~~~~~~~
.- --— --~~ ~~~~~~—
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2 . 2 .  EXI-hRIIvLt~NT 2: OB$ER VING THE TRkFFIC CIRCUWI STANCES IN
THE LABORATORY

The second experimen t was designed d i f f e r en t ly  in two
respeets  from the f i r s t  one. In the laboratory,  an a r t i f i—
cial s i tua t ion  was created . Therefore , the Ss ’ pe rcep tual
act iv i ty  did not f u l f i l l  its primary function , that  is ,
to survive . The Ss , were not required to carry out any sen—
somotoric  ac t iv i ty  and did not , theref ore , receive any
proprioceptive informat ion . They fu l f i l l ed  only the ins truc—
tions given . Another  essential d i f fe rence  between both ex-
periments concerns the nature of visual information presen-

ted. In this experiment , the Ss were presented with a slide

of the real situation as the drivers in experiment 1 saw it
from one well ~efined position only . Therefore , the inlor—
mation presented was of a static nature .

The results of experiment 1 were considered in order to

choose the specific slide to be presented. Because the ramp

was fixated on most Ire uently , that view of the building

site was used out of all photos taken , where the ramp was
• most emphasized (see Fig. 1). Becauee of this emphasis , it

was assumed that the poseibility of fixating on the ramp
• should be increased.

• • The selected slide was presented at a dis tance of 135 cm
f rom th e Ss , c~orresponding to a visual angle of 22°.

The Ss were told that a slide will be presented , for
only a short time , that shows a traffic situation. Their
task was to oUserve this slide as if they had to ~rive at

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~- - ~~~~~~ -~~
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the same place.

For data e va l uat i o n , a m i c e  of obaex -va t ion  of ~ppro—

ximate ly  f i ve aecorids was corisid~ i ’u d.  l’he anal y sis heI~an

wi th the first fixation after the unset at the stimuli

occured and ended a f t e r  f ive second s were ar ctj .yzec i , but
prolonged unt il  the en ding of the I b at io n  alread y had been
be~’un . A t ot a l  of 2422 frames were considered .

Subjec ts

• U n f o r t u n a t e l y ,  the Ss who participated in uxser-i~ ent 1
were not available any more . Therefore , in this experiment ,
nine licensed Ss participated (a tenth S was exuluced , be-
cause he had no license). Their ages ran ged between 18 and
27 years and ftll of them had normal visual acuity .

2.2.1. RJ~SULTS

The six categories of road elements were f ixated in thi s

• experiment  with a s ign i f i can t ly  vnry ing  number of f i x a t i u r.
between them as well as for  d i f f e ren t  total durations

0

(X~~=l9 .ol ; df= 5 ,  p < 0.05 and respectively (X’~=4O~ .7; df=~~,
p < 0.05). When observing the slide , the crane was the tar-

get of fixation for the longest total time (l~5.68  see)
followed by “elsewhere ” (ll.~ 4 see), the side—walk (lO. c~
see), the wall (8.64 see), the ramp (2.84 see) and the road
(1.40 see ) .  The respective relative fixation times are
shovm in Figure 2b. The total  f ixa t ion  t imes on each t a r —
get io not  correspond s i gn i f i c a n t ly wi th  the total  numb er
of ~la tions on the same element of the road (r 5=O.89;



~ f= 5 ,  p > 0.05) because the average f ixa t ion  t imes on the

:i de— . v i L k  (0 .72)  as well  as on the crane (0 .59)  are qui te
long. The average duration of all f ixa t ions  am ounted to
0.52 sec.

3 .  COMPARISON BET~JE~~ BOTH ~~(FERIMi~~TS AND DISCUSSION

An obvious di f ference between both experiments is shown
in Figu re 2 which clearly indicates tha t a s igni f ican t  dif-
ference in fixation times on thp elements of the road was

obtained (X2=1064.3; df=5, p < 0.01). This result indicates

that the time sharing between different targets is comple-
tely different when a S is actually driving than when he

is observing the same t r a f f ic si tuation in the laboratory .
On the road , the drivers f i xa t e  most frequ entl y on the
small ramp but thi s is not so in the laboratory . When the
Cs we re presented with  a slide , they fixated most f requent—
ly on the obstructive crane which was seldomly fixated in
the real si tuation.  When driving, the crane seemed to di—
r ect  the dr ivers ’ attention toward the path of driving in
contras t  to the laboratory conditions. It the re fo re  seems
tha t those Ss who drove a car directed their  at t en t ion  to
the more important , task specific targets than did the Ss
in the laboratory . In any case , it is clear that a driver ’s
vi aral search atrate~~r on the road can not  be repl ica ted  iir
the laboratory when viewing a st at ic p icture . Another  sup—
p or t  that  teral~ to the idea of less task or iented visual
ie put  in the l a b o rat o r y  can be derived from ana lyz ing  the
.~requeneies wi th  which the targets were f i x a t e d .  Those tar-

I
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gets which were cate gorized as “elsetiwere ” (e.g., LPees in
far  distance , the rampant on the ro ad ’ s f ar  ri ght side e t c . )
were quite frequently fixated on in the laboratol-7 even—
though they have no specific importance for Hiving. It
seems that the Ss in the laboratory  f ixa t ed  on the t a rge ts
which corresponded to their general interest rather t h a n
to their importance for driving, as compared to real driv-
ing conditions (see Pig. 2).

a.on the roa d b . l aborator y

t (%) t(°Io)

30 30..

20 20.

10 • 10.

II~I~
targ et of f ixat ion

Figure 2 : The total f ixat ion time in percentage devoted to
well U f ined  ~t ir get s  (a)  on the road and (b)  in the labo—
ratoiy.



—

—1 1—

A fu r ther  d i f f e r en c e  between both experiments relates
to the observed f ixa t ion  durat ions .  The mean f ixa t ion  time
in field condi t ions  am ounted 0.41 sec as compared to 0.~~2
sec in the laboratory condit ions.  Eventhough the d i f fe rence
between the average durations is approximately 25 %, it is
not  si gnificant  because ot the broad distr ibution of singl e
fixa~ion times. In any case , the f ixa t ion  rate was greater
when driving as compared to when viewing a slide on all

targets of f ixat ions def ined . The greater f ixa t i on ra te  on
the road mi ght be attri buted to a correspondingly greater
rate of information picked up which , presumably,  correlates
to the rate of information processed. This assumption is
also supported by the fact that in experiment 1 those dri-
vers who had a shorter f ixat ion time on the average pre-
ferred to drove their car faster . Presumably, they did so ,
because they could process the information required for

correct  driving more rapidly than could the othe r Ba who
manifested an average longer fixation time (see COHEN , 1976).
Thi s suggested relationship between the mean f ixat ion times
and the processing capacity is supported by studies in which
the central processing mechanisms were inhibited by, for

example, alcohol (BELT, 1969; MORTIMER and JORGESON , 1972),

by carbonmonixide (SAFFORD , 1971; cit. in BHISE and ROCK-

~VELL , 1971) or by fatigue or sleep deprivation (XALUGER and
SMITh, 1970). In all of this studies, prolonged fixation

times were observed. Furthermore , children , who presumably

still pose~ s less developed processing centers than do

adults , also have a slight tendency toward.,prolonged fixa-
tion times (e.g. MACK~VORT H and BRUN ER , 1970). It should be

mentionea that the mean and not the single fixation time

is of importance.

- 
.,
~~—-~ -~ —-—~ 
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It was suggested that the shorter the mean fixation time
the greater the information input occuring and vica versa ,
assuming information is picked up in “single packages”
( GAARDER , 1975). This relationship indicates that the Ss

in the laboratory might have picked up less total informa-
tion than the drivers on the road , perhaps because inade-

quat e inf ormation processing on the road can ul timately
lead to driving mishaps, whereas no crash can oc cur in the
laboratory.

The results of both experiments discussed above indicate

a discrepancy between the real and the simulated situations

as observed in terms of visual search . For example , even—

though the ram p was emphasized in the slide presentation ,
it was less frequently fixated on than while actually driv-

ing. Several reasons might account for the obtained diffe-

rences. The most obvious experimental variable is the use

of a static optical array in experiment 2 as compared to

real movement in experiment 1. Therefore , in a future ex-

periment , a film could be used instead of a slide for

studying similar paradigms. A further explaination for the
observed differences mi ght be the possibility that drivers
use a task specific visual search strategy in field situa-

tions which , presumably, can not be replicated due to ver-

bal instructions. It is also possible that Ss can not
recognize in the laboratory the importance of different

targets by reasoning as adequately as drivers on the road

do. It can be furthermore assumed that the lack of pro—
prioceptive information input , and sensomotoric activity

etc. influences the way Ss observe a static traffic si—

tuat ion as presented in the laboratory .

In the both experiments , s imilar  yet  d i f f e r en t situa—
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tions were compared. It is, nev ert heless , suggested that
even in quite sophist icat ed simulations of field situ ations
to be used as experimental designs in the laboratory , a

discrepancy between the both mi ght exists, and therefore,
there is a necessity to validate the presuppositions as—

sumed . Of course , the more sophisticated an experimental

simulation is, the better correspondance between field and
experimental conditions might be assumed . Nevertheless, a

possible discrepancy between both situations can only be

reduced and never totally excluded.
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